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Description 

This invention relates to a method for preparing compositions of matter that are useful as addition 
polymerization catalysts. More particularly, this invention relates to a method for preparing homogeneous, 

5 cyclic cyclopentadienyl metal complex cationic, catalyst by abstraction with Lewis acids. 

In EP-A-416,815 there are disclosed and claimed certain cyclic cyclopentadienyl metal complexes 
having utility as homogeneous olefin polymerization catalysts. In EP-A-41 8,044 cationic monocyclopen- 
tadienyl metal complexes containing a non-coordinating compatible anion are disclosed and claimed. In EP- 
A-468,651, an oxidative activation technique for preparing such cationic cyclic cyclopentadienyl metal 

10 complexes is disclosed and claimed. 

In J. Am. Chem. Soc. 113, 3623-3625 (1991) there is disclosed a process for preparation of "cation 
like" zirconocene polymerization complexes by alkyl abstraction using tris(pentafluorophenyl)borane. The 
complexes were stated to have activity roughly comparable to typical complexes based on alumoxane. No 
suggestion as to the suitability of the disclosed technique for use with constrained geometry metal catalysts 

75 is provided by the reference. 

In J. Organometal. Chem., 22, 659-663 (1970), there is disclosed the reaction between tetramethyl- 
titanium and triphenylborane or tribenzylborane. The authors postulate the intermediate formation of cationic 
titanium species which were not isolated during the reaction. No suggestion as to the suitability of the 
disclosed reaction for use in catalysis is provided by the reference. 

20 Previously known techniques for preparing cationic cyclic cyclopentadienyl metal complexes have been 
disadvantaged by requiring difficult synthetic procedures to prepare the necessary precursors and low 
yields of isolated products. It would be desirable if there were provided an improved technique for preparing 
cationic cyclic cyclopentadienyl metal complexes which avoids difficult synthetic procedures and poor 
yields. 

25 It has now been discovered that the foregoing and other disadvantages of the prior art cationic, olefin 
polymerization catalysts can be avoided or at least reduced with the process of the present invention. 
Surprisingly the catalysts of the present invention are marked by extremely high catalytic effectiveness as 
measured by polymer yield at a given temperature. 

In accordance with the present invention there is provided a process for preparing a cyclic cyclopen- 

30 tadienyl metal complex having a limiting charge separated structure corresponding to the formula II: 

35 C P M + XA" (H> 

• \ 

X 

40 wherein: 

M is a metal of Group 4 or the Lanthanide series of the Periodic Table of the Elements; 
Cp is a cyclopentadienyl group or derivative thereof that is abound to M and substituted at least by Z; 
Z is a divalent moiety comprising oxygen, sulfur, boron, or a member of Group 14 of the Periodic Table 
of the Elements; 

45 Y is a ligand group comprising nitrogen, phosphorus, oxygen or sulfur or optionally Z and Y together 
form a fused ring system; 

X independently each occurrence is hydride or a hydrocarbyl, silyl or germyl group having up to 20 
carbon, silicon or germanium atoms; and 

A" is a non-coordinating, compatible anion of a Lewis acid, A, having relative Lewis acidity greater than 
50 or equal to that of phenylbis(perfluorophenyl)borane, 

the steps of the process comprising contacting a derivative of a Group 4 or Lanthanide metal corresponding 
to the formula I: 
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Y 

Cp (I) 

\ 



(X) 2 



10 wherein 

M, Cp, Z, Y, and X are as previously defined, 
with the Lewis acid, A. 

The preceding formula for the catalyst compositions is referred to as the limiting, charge separated 
structure. However, it is to be understood that, particularly in solid form, the catalyst may not be fully 
75 charge separated. That is, the X group may retain a partial covalent bond to the metal atom, M. Thus, the 
catalysts may be alternately depicted as an ion pair possessing the formula: 



20 




The catalysts are preferably prepared by contacting the derivative of formula I with the Lewis Acid in an 
25 inert diluent such as an organic liquid. 

All reference to the Periodic Table of the Elements herein refer to the Periodic Table of the Elements, 
published and copyrighted by CRC Press, Inc., 1989. Also, any reference to a Group or Groups are to the 
Group or Groups as reflected in this Periodic Table of the Elements using the IUPAC system for numbering 
groups. 

30 By the term "derivative" in the definition of Cp is meant that each atom in the cyclopentadienyl group 
may independently be substituted with a radical selected from hydrocarbyl radicals, substituted- hydrocar- 
byl radicals wherein one or more hydrogen atoms are replaced by a halogen atom, hydrocarbyl-substituted 
metalloid radicals wherein the metalloid is selected from Group 14 of the Periodic Table of the Elements, 
and halogen radicals. Suitable hydrocarbyl and substituted-hydrocarbyl radicals used to form derivatives of 

35 the delocalized ^-bonded group contain from 1 to 20 carbon atoms and include straight and branched alkyl 
radicals, cyclic hydrocarbon radicals, alkyl-substituted cyclic hydrocarbon radicals, aromatic radicals and 
alkyl-substituted aromatic radicals. In addition two or more such radicals may together form a fused ring 
system or a hydrogenated fused ring system. Examples of the latter are indenyl-, tetrahydroindenyl- , 
fluorenyl-, and octahydrofluorenyl- groups. Suitable hydrocarbyl-substituted organometalloid radicals include 

40 mono-, di- and tri- substituted organometalloid radicals of Group 14 elements wherein each of the 
hydrocarbyl groups contains from 1 to 20 carbon atoms. More particularly, suitable hydrocarbyl-substituted 
organometalloid radicals include trimethylsilyl, triethylsilyl, ethyldimethylsilyl, methyldiethylsilyl, triphenyl- 
germyl, and trimethylgermyl. 

Preferably M is a metal of Group 4 of the Periodic Table of the Elements, most preferably titanium or 

45 zirconium. Also, preferably X is C1-C10 hydrocarbyl, most preferably benzyl and especially methyl. 

In a preferred embodiment -Z-Y- is an amidosilane or amidoalkane group, preferably of up to 20, 
especially up to 10, nonhydrogen atoms and especially (tert-butylamido) (dimethylsilyl) or (tert-butylamido)- 
1-ethane-2-yl. 

Most preferred derivatives of formula I are amidosilanediyl- or amidoalkanediyl- compounds cor- 
50 responding to the formula III: 
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wherein: 

M is titanium or zirconium, bound to an ^-cyclopentadienyl group; 

R' each occurrence is independently selected from hydrogen, silyl, alky I, aryl and combinations thereof 
having up to 20 carbon or silicon atoms, and optionally two or more FT groups on the cyclopentadienyl 
75 group form a fused ring system; 
E is silicon or carbon; 

X independently each occurrence is hydride, trimethylsilyl, alkyl, aryl or halogen substituted aryl of up 
to 20 carbons; and 
m is 1 or 2. 

20 Examples of the above most preferred metal coordination compounds include compounds wherein the 
R' on the amido group is methyl, ethyl, propyl, butyl, pentyl, hexyl, (including branched and cyclic isomers), 
norbornyl, benzyl, or phenyl; the cyclopentadienyl group is cyclopentadienyl, indenyl, tetrahydroindenyl, 
fluorenyl, tetrahydrofluorenyl, or octahydrofluorenyl; R' on the foregoing cyclopentadienyl groups each 
occurrence is hydrogen, methyl, ethyl, propyl, butyl, pentyl, hexyl, (including branched and cyclic isomers), 

25 norbornyl, benzyl, or phenyl; and X is methyl, neopentyl, trimethylsilyl, norbornyl, benzyl, methylbenzyl, 
phenyl, or pentafluorophenyl. 

Illustrative derivatives of formula I that may be employed in the practice of the present invention 
include: [dimethyl(tert- butylamido)(tetramethyl-7/ 5 -cyclopentadienyl)silane] dibenzylzirconium, [dimethyl(tert- 
butylamido)-(tetramethyl-7 7 5 -cyclopentadienyl)silane] dibenzyltitanium, [dimethyl (tert-butylamido)- 

30 (tetramethyl-?} 5 -cyclopentadienyl)silane] dimethyl-titanium, [(tert-butylamido)(tetramethyl-77 s - cyclopen- 
tadienyl)-! ,2-ethanediyl] dimethylzirconium, [(tert-butylamido)(tetramethyl-7/ 5 -cyclopentadienyl)-1 ,2- 
ethanediyl] dibenzyltitanium, [(methylamido)(n 5 -cyclopentadienyl)- 1 ,2-ethanediyl] dibenzhydrylzirconium, [- 
(methylamido)(tetramethyl-7; 5 -cyclopentadienyl)-1 ,2-ethanediyl] dineopentyltitanium, [(phenylphosphido)- 
(tetramethyl-7j 5 -cyclopentadienyl)methylene] diphenyltitanium, [dibenzyl(tert-butylamido)(tetramethyl-7j 5 - 

35 cyclopentadienyl)silane] dibenzylzirconium, [dimethyl(benzylamido)(7j 5 -cyclopentadienyl)silane] di- 
(trimethylsilyl)titanium, [dimethyl(phenylphosphido)(tetramethyl-7; 5 -cyclopentadienyl)silane] dibenzylzir- 
conium, [dimethyl(tert-butylamido)(tetramethyl-7/ 5 -cyclopentadienyl)silane] dibenzylhafnium, [(tetramethyl-Tj 5 - 
cyclopentadienyl)-1 ,2-ethanediyl] dibenzyltitanium, [2-?? 5 -(tetramethylcyclopentadienyl)-1-methyl-ethanolato 
(2-)] dibenzyltitanium, [2-7| 5 -(tetramethylcyclopentadienyl)-1-methyl-ethanolato (2-)] dimethyltitanium, [2-ij 5 - 

40 (tetramethylcyclopentadienyl)-l -methyl-ethanolato (2-)] dibenzylzirconium, [2-t> 5 -(tetramethylcyclopen- 
tadienyl)-1-methyl-ethanolato (2-)] dimethylzirconium, [2-[(4a, 4b, 8a, 9, 9a -7j)-9H-fluoren-9-yl]- 
cyclohexanolato (2-)] dimethyl titanium, [2-[(4a, 4b, 8a, 9, 9a -ij)-9H-fluoren-9-yl]cyclohexanolato (2-)] 
dibenzyl titanium, [2-[(4a, 4b, 8a, 9, 9a -7j)-9H-fluoren-9-yl]cyclohexanolato (2-)] dimethyl zirconium, and [2-[- 
(4a, 4b, 8a, 9, 9a -?;)-9H-fluoren-9-yl]cyclohexanolato (2-)] dibenzyl zirconium. 

45 Other compounds which are useful in the catalyst compositions of this invention, especially compounds 
containing other Group 4 or Lanthanide metals, will, of course, be apparent to those skilled in the art. 

"Non-coordinating" anions refers to those that either do not coordinate to or are only weakly 
coordinated to said metal cation, thereby remaining sufficiently labile to be displaced by a neutral Lewis 
base. A "compatible" anion additionally refers to such an anion that, when functioning as a charge 

50 balancing anion in the catalyst system of this invention, within the time frame of the desired end use, does 
not transfer an anionic substituent or fragment thereof to the cation thereby forming a neutral metallocene 
and a neutral metal byproduct. In addition such anions are not degraded to neutrality when the initially 
formed complex decomposes and are noninterfering with desired subsequent polymerizations or other uses 
of the complex. 

55 The Lewis acids having Lewis acidity suitable for use according to the present invention are prepared 
according to known techniques such as those of Marks, et al. J. Am. Chem. Soc. 1991, 113, 3623-3625, or 
J. Pohlman, et al., Naturforschg. 1965, 20b, 5-11. The preferred technique is to combine a boron or 
aluminum halide compound such as boron trichloride or boron trifluoride with an alkali metal or alkaline 
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■,1 ~a «h,c 0 » ic thP I fwis base If the reaction is exothermic (AH < 0), then A is a 
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1,3,5-cyclohexanetriol or 1,1,1-trimethylolethane with boric acid). 

Without wishing to be bound by any particular theory of operation it is believed that the Lewis acid 
causes the abstraction of the X group and in the process becomes an anionic species. This result is 
believed to be of practical significance for the present invention where the Lewis acid is a stronger Lewis 
acid than the resulting cation. The specific Lewis acids of the present invention are highly effective in this 
regard. 

In general, the catalyst can be prepared by combining the two components (the derivative of formula I 
and the Lewis acid) in a suitable solvent at a temperature within the range from -100° C to 300 °C, 
preferably 25 to 50 *C. Suitable solvents include straight and branched-chain hydrocarbons such as 
isobutane, butane, pentane, hexane, heptane, octane, and mixtures thereof; cyclic and alicyclic hydrocar- 
bons such as cyclohexane, cycloheptane, methylcyclohexane, methylcycloheptane, perfluorinated hydrocar- 
bons such as perfluorinated C*-io alkanes and aromatic and alkyl- substituted aromatic compounds such 
as benzene, toluene and xylene. Suitable solvents also include liquid olefins which may act as monomers or 
comonomers including ethylene, propylene, butadiene, cyclopentene, 1-hexene t 3-methyl-1-pentene, 4- 
methyl-1-pentene, 1,4- hexadiene, 1-octene, 1-decene, styrene, divinylbenzene, allylbenzene and vinyl- 
toluene (including all isomers alone or in admixture). Preferred solvents are aliphatic hydrocarbons 
especially C5-C10 alkanes or cycloalkanes and mixtures thereof. 

The catalyst may be used to polymerize addition polymerizable monomers having from 2 to 1000 
carbon atoms. Examples include: ethylenically unsaturated compounds, acetylenic compounds, conjugated 
or nonconjugated dienes, polyenes, and carbon monoxide. Preferred addition polymerizable monomers are 
olefins or diolefins having from 2 to 18 carbon atoms. Preferred monomers include the C 2 -ia a-olefins 
especially ethylene, propylene, isobutylene, 1-butene, 1-hexene, 4-methyl-1-pentene, 1-octene, 1-nonene, 
1- decene, 1-dodecene, 1-tetradecene, 1-hexadecene, and 1-octadecene. Other preferred monomers 
include styrene, halo- or alkyl substituted styrenes, tetrafluoroethylene, vinylbenzocyclobutane, 1,4-hex- 
adiene, norbornene, and substituted norbornenes such as 5-ethylidene-2-nonbornene. Most preferred 
monomers are a-olefins having from 2 to 12 carbon atoms either alone or in combination. The catalyst may 
also be used to polymerize a-olefins, diolefins and/or acetylenically unsaturated monomers in combination 
with other unsaturated monomers. 

In general, the polymerization may be accomplished at conditions well known in the prior art for Ziegler- 
Natta or Kaminsky-Sinn type polymerization reactions, that is, temperatures from 0 to 250 °C and pressures 
from atmospheric to 1000 atmospheres (100 MPa). Suspension, solution, slurry or other process condition 
may be employed if desired. A support may be employed but preferably the catalysts are used in a 
homogeneous manner. It will, of course, be appreciated that the catalyst system will form in situ if the 
components thereof are added directly to the polymerization process and a suitable solvent or diluent, 
including condensed monomer, is used in said polymerization process. It is, however, preferred to form the 
catalyst in a separate step in a suitable solvent prior to adding the same to the polymerization mixture. 

It is believed that the active catalyst species of the present invention contains a metal center which 
center remains cationic, unsaturated and has a metal-carbon bond which is reactive with olefins, diolefins 
and acetylenically unsaturated compounds. Also associated with this metal center is a charge balancing 
anionic remnant of the formula XA~. As previously mentioned the catalyst may also exist in a less than fully 
charge-separated configuration. 

The catalyst formed by the method of this invention may be retained in solution or separated from the 
solvent, isolated, and stored for subsequent use. As previously indicated supra, the catalyst may also be 
prepared in situ during a polymerization reaction by passing the separate components into the polymeriza- 
tion vessel where the components will contact and react to produce the catalyst. 

The equivalent ratio of derivative of formula I to Lewis acid employed is preferably in a range (complex: 
Lewis acid) from 0.1:1 to 10:1, more preferably from 0.2:1 to 5:1, most preferably 1:2. In most polymeriza- 
tion reactions the equivalent ratio of catalyst: polymerizable compound employed is from 10~ 12 :1 to 10~ 1 :1, 
more preferably from 10~ 9 :1 to 10~ 4 :1. 

A beneficial feature of the catalysts of this invention, especially the titanium based catalysts, is that 
when the catalysts of this invention are used to copolymerize olefins, either alone or in combination with 
diolefins, the amount of higher molecular weight olefin or diolefin incorporated into the copolymer is 
significantly increased when compared to copolymers prepared with the more conventional Ziegler-Natta 
type catalysts. In addition, when compared to constrained geometry catalysts containing alumoxane, the 
catalysts of the present invention possess higher activities. Typically, catalyst efficiencies of the present 
catalysts (measured by weight of polymer produced/catalyst weight) are at least five times greater than that 
obtained with comparable alumoxane containing catalysts. 
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in general catalysts can be selected so as to produce polymer products which will be relatively free of 
of ceU ~ 3 

EZ^XStt 55SES5- Pamirs £ duced with more ,eg,e, 
s Natotype catalysts comprising a halogenated metal alkyl such as magnesium chlor.de, or an alkyl 

''"tig bribed the invention the following examples are provided as further illustration thereof. 
Unless stated to the contrary all parts and percentages are expressed on a weight bas.s. 

jo General Polymerization Procedure 

Ethvlene propylene and hydrogen were purified by passing through columns of 13X molecular sieve 
tctZ^TZtrace oxygen removal catalyst (alumina supported copper/manganese cafclyst 
arable from Englhardt .nc. under the tradename Q-5). Solvents and octene were degassed with nitrogen 
^T^e Z^ P^ng through columns of 13X molecular sieve, activated alumina, and trace oxygen 
Sm 0 r ciaC Phenylacetylene-free styrene was degassed with nitrogen, then punted by passing 
through a Sumn of acLted alumina. A 2 L stirred autoclave was charged with the desired amounts of a 

^C^Tdded by differentia, pressure expansion from a 75 mL addition tank. The hydrogen 
20 oressireTffere^al represents the difference in pressure between the starting and final pressure n the 
20 drogenTddS tank'after adding hydrogen to the 2L reactor containing -J«*£«7E^ 

reactor was heated to the polymerization temperature and was saturated with ethylene to *e des ed 

pressure MetS complex and Lewis acid cocatalyst were mixed in a drybox by syringing ttie ^esurcd 

amoun of 0 0050 M metal complex solution (in mixed alkane solvent (Isopar E™ ava able from , Exxon 
25 Che^nica? Inc ) or toluene) into a solution of the cocatalyst (in Isopar® E or toluene solvent). Opt,onally 

addSa^olvenrwas added to facilitate transfer of the catalyst solution to the reactor, This so.ut.on was 

thPn transferred to a catalyst addition tank and injected into the reactor. 

CSSSiS was allowed to proceed for the desired time and then the solution was drained from 

the S Z reactor and quenched with isopropanol. A hindered phenolic ant.ox.dant J0«^010. 
30 avaSfrom Ciba-Geigy Corporation) was added and the polymer was air dr.ed overmght. The res,dua. 

^ZZ^^ "ZZlTlor^ to ASTM D-1238, Procedure A, Condition E, using 
a mSSISlTrS^^S CS-127MF. available from Custom Scientific Instruments Inc. Dens.t,es are 
IZlrtlX"™* measurements of compression molded samples in methyl ethyl ketone. 

35 

Experimental Determination of Lewis acidity 
The Lewis acidity of P^V^ 

^^Zm calcium hydride and methylene chloride-d 2 (CD 2 C 2 ) vacuum transferred from 

Ph T r r n X^^ either on a Varian VXR-300 NMR spectrometer or a Varian Gemini 

" 300 NMR spec'ome^ ChTm ca. Ss were determined relative to tetramethy.si.ane through the res^ua 
CHDCb ( 1 H 5 5 32) in CD 2 CI 2 . The NMR samples were prepared by adding an appropnate quantity of the 
M ac 'oo^xo a solution of crotonaldehyde in CD 2 C, 2 at -20 • C and al.owing the samp.e to warm 
s'owy to room temperature. The stoichiometry of the resulting solution was such that there , was 50 
so oercent excess of the Lewis acid reagent with a total concentration of reactants be.ng about 0.3M. The H 
NMP^spectrum was then recorded, and H-3 NMR shift of the Lewis acid adduct of crotonaldehyde and free 
crotonaldehyde determined. 

Theoretical calculation of Lewis acidity 
55 Structures and energies were calculated using one or more of the fo.lowing standard techniques of 
electronic structure theory. 
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1 AMI - Dewar's semi-empirical method based on approximate molecular orbital theory. AMI has been 
parametrized to fit selected experimental data. AMI calculation techniques are well known to those skilled 
in the art, and are described in, for example, M. J. S. Dewar, E. G. Zoebisch, E. F. Healy, and J. J. P. 
Stewart, j. Am. Chem. Soc , 107, 3902 (1985); M. J. S. Dewar and Eve G. Zoebisch, J. Mol. Struct. 
(THEOCHEM) 180, 1 (1988); M. J. S. Dewar, C. Jie, and E. G. Zoebisch, Organometallics , 7, 513 (1988); 
M J. S. Dewar and C. Jie, Organometallics , 6, 1486 (1987); M. J. S. Dewar and K. M. Merz, Jr., 
Orga nometallics 7, 522-4 (1988); M. J. S. Dewar and C. Jie, Organometallics , 8, 1547 (1989); M. J. S. 
Dewar and C. Jie, Organometallics , 8, 1544-7 (1989); and M. J. S. Dewar and A. J. Holder, Organometal- 
lics, 9, 508 (1990). 

The AMI calculations are performed with the program MOPAC, version 5.00, available from the 
Quantum Chemistry Program Exchange (QCPE), Department of Chemistry, Indiana University, Bloom- 
ington, Indiana 47405. The program is further described in the MOPAC Manual, J. J. P. Stewart, Frank J. 
Seiler. Res. Lab., U.S. Air Force Academy, Colo. Spgs., CO. 80840 

2. HF (restricted Hartree-Fock) the rigorous (ab initio, no adjustable parameters) method. The HF results 
were calculated using the GAUSSIAN® 90 program and the well-known 3-21 g basis set. The 3-21 g basis 
set is a valence double-zeta basis set. Gaussian 90, Revision J„ available from Gaussian. Inc., Pittsburgh 
PA, 1990. 

The 3-21 G basis set is well known in the art, and is described in, for example, W. J. Hehre, L. 
Radom P. v. R. Schleyer, and J. A. Pople. Ab Initio Molecular Orbital Theory, Wiley, New York, (1986); 
Pietro W J et al., J. Am. Chem. Soc. 104, 5039-48 (1982); M. S. Gordon, et al, J. Am. Chem. Soc. 104, 
2797-803 (1982); J. S. Binkley, et al., J. Am. Chem. Soc. 102, 939-47 (1980); K. D. Dobbs and W. J. 
Hehre, J. Comput. Chem. 8, 880-93 (1987); K. D. Dobbs and W. J. Hehre, J. Comput. Chem. 8, 861 
(1987); K. D. Dobbs and W. J. Hehre, J. Comput. Chem. 9, 801 (1988); K. D. Dobbs and W. J. Hehre, J. 
Comput. Chem. 7, 359 (1986). 

Example 1 

A catalyst solution was prepared by combining 1 mL of a 0.005 M toluene solution of tris- 
(pentafluorophenyl)borane with 1 mL of a 0.005 M toluene solution of [(tert-butylamido)dimethyl(tetramethyl- 
„s-cyclopentadienyl)silane dibenzyl titanium [[(C 5 MeOSiMe 2 N(t-Bu)]Tibz 2 ] (prepared by reaction of (tert- 
butylamido)dimethyl(tetramethyl)-i, 5 -cyclopentadienyl)silane titanium dichloride and benzyl lithium. The di- 
chloride in turn was prepared by reaction of lithium 1,2,3,4-tetramethylcyclopentadienide with (N-t- 
butylamino)(dimethyl)silane chloride, followed by conversion to the dilithium salt, reaction with TiCI 3 to form 
the closed ring structure (N-t-butylamido)dimethyl(tetramethyl-r, 5 -cyclopentadienyl)titanium chloride, and 
oxidation of the metal center with methylene chloride to form (N-t-butylamido)dimethyl(tetramethyl-T, 5 - 
cyclopentadienyl)titanium dichloride. The mixture was shaken for 10 seconds at 25 «C, giving a catalyst 
solution noticeably darker than the starting, red-orange, titanium containing solution. 

Polymerization 

The catalyst solution was combined with a mixture comprising 1 L of Isopar E™ , 0.2 L of 1-octene, and 
ethylene (31 atmospheres, 3.1 MPa) in a 2 L reactor. The reactants were previously deaerated and purified 
and the reactor contents were heated to 130'C. An immediate 7 -C rise in reactor temperature occurred. 
Ethylene was provided on demand at 3.1 MPa. After 10 minutes the reactor contents were removed and 
devolatilized giving 80.0 g of ethylene-octene copolymer having a micro-melt index of 0.104. 

Example 2 

A catalyst solution was prepared by combining 1 mL of a 0.005 M toluene solution of tris- 
(pentafluorophenyl)borane with 1 mL of a 0.005 M toluene solution of (tert-butylamido)dimethyl(tetramethyl- 
„s- C yclopentadienyl)silane dibenzyl zirconium [(CsMe*)SiMe 2 N(t-Bu)]Zrbz 2 ] (prepared according to the 
same technique as Example 1). The mixture was shaken for 10 seconds at 25 -C, giving a catalyst solution 
slightly darker than the starting, light yellow, zirconium containing solution. 

Polymerization 

The catalyst solution (10 wmol in 2ml Isopar™ E) was combined with a mixture comprising 0.8 L of 
Isopar E™ and 0.4 liters of propylene in a 2 L reactor. The reactor contents were heated to 50 *C. After 45 
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minutes the reactor contents were removed and devolved giving 301 g of polypropylene having a 
micro-melt index of 24.3 and a syndiotactic index (measured at a racem.c tr.ad) of 83.5. 

Examples 3-37 

SIS" ~w 8 as ,0 mM e, T*e ,esu,,s ,« E^p.ss 3-37 are 

shown in Table I. 
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Examples 38 - 57 



to the reactor followed by var.ous amounts of propylene. 
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and the solution was heated to the reaction temperature. The solution was then saturated with ethylene at 
475 psig (3 38 MPa). Equimolar amounts of the metal complex, [(C 5 Me 4 )SiMe 2 N(t-Bu)]TiMe 2 and the Lew.s 
acid B(C6F 5 )3 were mixed in 2 mL of Isopar® E and this solution was transferred into the reactor to begin 
the polymerization. The reaction was allowed to proceed for 15 minutes with ethylene being supplied on 
demand at 475 psig (3.38 MPa). The propylene content of the polymer was determined by carbon NMR 
spectroscopy using the method of J.C. Randall, Rev. Macromo. Chem. Phys. , 29(2&3), 201-317, (1989). The 
results are shown in Table II. 
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Examples 59 - 77 

The procedure of Exempt 3 - 37 was 
the reactor followed by .sopar* E to make 100O The so.uf.on is fhen saturated with 

were then added. The solution was heated to the «d ton_ tempe l( c 5 Me4)SiMe 2 N(t-Bu)]TiMe 2 , 
ethylene at 480 psig (3.41 MPa). Equirnda, ^amounte of the meta comp U ^ ^ ^ 

and the Lewis acid, WfrFsh were m.xed in 2 mL ol sopar® ^ ana g bejng 

reac rr b rr:;^ where provided - propy,ene 

rZne Set weTd^Ld by carbon 13 NMR spectroscopy. 
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55 



The procedure of Examples 3-37 - ™ 
the reactor followed by Isopar® E to make 1000 mL ol ^ total hqu a vo ^ ^ 

were then added. The so.ution was heated to the reason t ^ P ^^ r ^% 0, " ( t o 5 Me . )SiMe 2 M<t-Bu)]TiMe 2 
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was allowed to proceed for 10 minutes after the final catalyst addition with ethylene being supplied on 
demand at 475 psig (3.38 MPa) throughout the run. The results are shown in Table IV. 
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Example 101 

The polymerization procedure of Examples 3-37 was followed using ,1-25 mioomotoi = of(tert- 
55 butylamido)dimethyl(tetramethyl-,5-cyclo P entadienyl)silane titanium dibenzyl [(CsMeO&M* N( ^ 
and 1 25 micromoles of the Lewis acid. B(C 6 Fs) 3 mixed in 2 mL of Isopar® E. The reaction temperature 
was 60 -C 10 g of propylene and 100 Apsi (0.7 MPa) hydrogen were added. The ethylene pressure was 
460 psig (3 3 MPa). The polymerization time was 15 minutes. 22.9 g of an ethylene / propylene copolymer 
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were isolated. 
Bcample_102 



Example iu* 

™ ^e^cn ^ - - -J*- -a^trSS^ - ""Son 



to 0.3 was isolated 
Example 103 
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30 



Example iuo . 

~ „ „ ( ^«— >- — *»« - — - 

Preparation of tetrahydrofluorene 

,• . oh in 200ml of a tetrahydrofuran (THF)/ ethylene diamine 
15Q 00.2 mmol) of fluorene was dissolved m 200ml of a w y lithium (45 1 .2 mmol) was 

so ,u ion 1:1 "fc^^^r^^^^T 8 ^ was stirred for 

added in small portions. After all the I h.um ha ^ ^ n ^ th@n ed int0 , HCI/ice mixture 

uZ (75 Percent yield) of product after solvent removal. 

Preparation of lithium tetrahydrofluorenide ^ , of n buty | 

10 g of tetrahydofluorene (59 mmol) was dissolved in ^ with 

reduced pressure to give 7.1 4g (70 percent yield) of product. 
Preparation of (N-t-butylamino)(dimethyl)(tetrahydrofluoreny.)si.ane 

, 78 g (34 , mmol, of CISiMe^ ^^^^^^^^ 
Chem, 24(3-4). 226-30 (1964)) was added I to ,100 ml Of TW ^ ^ ^ so|ut|0n led 

tetrahydrofluorenide was added. The t he reaction to be complete. The se ven 

to room temperature. Gas ^^^^1^ with pentane, filtered and the solvent 

> « 9 - - duct (94 percent yie,d) - 

Preparation of di.ithium ( N,-buty.amido)(dimethyl)(tetrahydrof.uoreny.)silane 

15 9 .S0g (32.8 mmol) of (N-ty,m^ 

diethylether. To this solution 26.6 ml (70.6 mmo) « <*W" ZloUer* was removed under reduced 
addition of the nBuLi the solution was ^stirred fo with pentane to give 11*8*8 
pressure to give an oily orange rescue *w^' a ^J^ magnet ic resonance spectroscopy (NMR) as 

50 Preparation of KN-t-butylamido)^^^ ^ "* 

(tetrahydrofluorenyl)SiMe 2 N(t-Bu)]T.Cl2) 

, riin7 , m , of T HF To this solution 5.92 g (16.1 mmol) of 

55 6 g (16.1 mmol) of TiCI 3 (THF) 3 was d.ssolved in 75 mi o _ g ^ ^ stirrjng 

55 di.ithl 9 m\N-t-buty.amido)(dimethy.)(tetrahyd^ &1 mmo() was added and the 

3£» - - £ :ZL under reduced pressure ' The residue was 
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70 



extracted with toluene, the solution filtered and the toluene removed under reduced pressure. The residue 
"en TrLted with pentane and the solution cooled to JO-C for 3 hour. The red ' P^J**£J 
collected via filtration and washed with cold pentane and dried under vacuum to y.eld 5.00 g (75 percent 
yield) of product. 

Preparation of [(N-t-butylamido)(dimethyl)(tetrahydrofluorenyl)silane]titanium dimethyl ([(tetrahydrofluorenyl)- 
SiMe2N(t-Bu)]Ti(CH 3 )2 ) 

5.0g of [( N -t-but y lamido)(dimethyl)(tetrahydrofluorenyl)silane]titanium dichloride (12 ; mmol) was sus- 
pended in 100 ml of EfeO. To this suspension 8.40 ml of methyl magnesium .od.de (MeMgl) (3.0 M in 
oTetM e he EtTo) was added dropwise with stirring over a 20 min period. Upon completion of the rttton 
tfthe MeMgl the solution was stirred for 40 minutes. After this time period the EfeO was removed under 
Educed pressure and the residue extracted with pentane, the solution filtered and the fUtrate evaporated to 
dryness under reduced pressure to give 3.48 g (77 percent yield) of product. 



T5 



Polymerization 

The polymerization procedure of Example 102 was followed using 2.00 micromoles of [- 
(tetrahydrofluorenyl)SiMe 2 N(t-Bu)]TiMe 2 and 2.00 micromoles of the Lewis acid. B(C6F 5 )a mixed in 2 mL of 
ao ESSE The reaction temperature was 130-C. 808 g of Isopar® E and 100 g of 1 -octene are c arged 
into the reactor. No hydrogen was added. The ethylene pressure was 500 ps.g (3.55 MPa). The 
polymerization time was 15 minutes. 41.1 g of an ethylene/ octene copolymer were isolated. 



Example 104. 

!S The procedure of Example 103 was followed except that 2.50 micromoles of [(tetrahydrofluorenyl)SiMe.N(t- 
Bu)]TiMe2 and 2.50 micromoles of the Lewis acid B (Cs F s )3. were mixed in 2 mL of Isopar® E were , used o 
fo/m the catalyst. The reaction temperature was 160-C. 829 g of Isopar® E and 29 g «"-<««*>» 
charged into the reactor and no hydrogen was added. The ethylene pressure was 500 psig (3.55 MPa). The 

30 polymerization time was 1 5 minutes. 11 .4 g of an ethylene/ octene copolymer were isolated. 

Example 105. 

Polymerization using <tert-butylamido)dimethyl(1 >3 -dimethyl-5,6.7,8-tetrah y droindenyl)silane titanium 
35 dimethyl metal derivative 

Preparation of 4,5,6,7-tetrahydro-1-methyl-indan-3-one 

Cyclohexene (27.3g, 0.33 mol). crotonic acid (28.7g, 0.33mol) and polyphosphoric acid (300ml) were 
40 mechanically stirred under a nitrogen atmosphere at 60 « C for 30 minutes. The slurry was poured into water 
Td the aqueous solution extracted with diethyl ether. The diethyl ether extract was washed success.ve.y 
with a 10 percent NaHCOs solution and a saturated NaCI solution. The organic extract was then dried over 
anhydrous MgS04. The solution was then filtered and the solvent removed under reduced pressure The 
crude product was then purified via vacuum distillation (bp 87-92 -C at 5 torr, 0.7 kPa) to give 32.6g (66 
45 percent) of purified material. 

Preparation of 7,9 dimethylbicyclo-[4.3.0]-nona-l(6),7-diene 

Methyl lithium (1.5M. 96ml) was added dropwise to a solution of 4.5,6.7-tetrahydro-1-methyl-indan-3- 
so one (177g 0 118 mol) in 50ml of diethyl ether under an argon atmosphere whereupon the reaction mixture 
was refluxed for 18 hours. The mixture after this time period was hydrolyzed and the reactjon rn,xture 
extracted with diethyl ether. The ether extracts were dried over anhydrous MgSO, and fltered. To he e her 
Sutton 0.5m. of 6M HCI was added and the solution stirred for one hour. After this time period the .ether 
solution was washed with water, dried over anhydrous MgSO*. filtered and concentrated. D.st,llat.on at 
55 reduced pressure afforded 8.0g (45 percent) of product. 
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Preparation of lithium l,3-dimethyl-5,6,7,8-tetrahydroindenide 

, rs/r zse sir-*- - ■— - - — 

pressure to give 5.02g (97 percent) of product. 

Preparation of (N-t-butylamino)(dimethy.)(1 ,3-dimethyl-5,6.7,8-tetrahydroindenyl)silane 
75 percent yield). 

Preparation of di.ithium (N-t-buty.amido)(dimethyl)(1 .3-dimethyi-5,6,7,8.tetrahydroindeny.)si.ane 

t. 21g (4.36 mmo.) of <N-t-bu«^ in pentane) 

20 were dissolved in 100ml of diethy.ether. To th,s ^^.^^^^ for J hours whe reupon 

:£«rS^.r.TJl. solidified upon 

SLatn with pentane to give 1 .00g (79 percent yield) of a tan sohd product. 
25 Preparation of [( N-t-buty.amido)(dimethy.)(1 ,3-dimethy.-5,6,7.8-tetrahydroindeny«)si.ane] titanium dich.oride (- 
[(1 ,3-dimethyl-tetrahydroindenyl)SiMe 2 N(t-Bu)]TiCI 2 ) 

» « -nri n-^ wa* dissolved in 75ml of THF. To this solution 0.50g (1.72 mmol) of 
0.64g (1.72 mmol >/ ™^ was added as a solid with 

dilithium (N-t-butylam.do)(d.methy ^^^^^^^ period PbC | 2 (0.239g, 0.86 mmol) was 
stirring. The solution was then sfrred for « ^^th^tme penod ( 9^ & ^ 

35 (47 percent yield) of product. 

Preparation of [ (N-t-Butylamido)(dimethy.)(1,3-dimethyl-5,6.7,8-tetrahydroindeny .)si.ane] titanium dimethy, (- 
[(1 3-dimethyl-tetrahydroindenyl)SiMe 2 N(t-bu)]Ti(CH 3 )2) 

under reduced pressure to give 0.21 g (73 percent yield) of product. 
Polymerization 

erhyle pressure »as 500 psio (355 MP.). The pe.ymeezeKe erne was 10 m,e«s. 29.2 9 0. 
Slene/ octane eopelyere, were isolared. The micro-meh index (12), was 0.975. 
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Example 106. 



The procedure of Example 105 was followed except that 0.10 micromoles of [(1 ,3-dimethyltetrahydrcnn- 
denyl)SiMe 2 N(t-Bu)]TiMe 2 and 0.10 micromoles of the Lewis acid, B(CsFs) 3 mixed in 2 mL of Isopar® E 
were used to form the catalyst mixture. The reaction temperature was 90'C. 715 g of Isopar® E and I 143 g 
of 1-octene were charged into the reactor and 10 Apsi (0.07 AM Pa) of hydrogen was added^The ethy ene 
pressure was 500 psig (3.45 MPa). The polymerization time was 10 minutes. 64.5 g of an ethylene/ octene 
copolymer were isolated. The melt index (12) was 0.346. 



jo Example 107. 



»5 



The procedure of Example 106 was followed except that 0.025 micromoles of [(CsMe*)S.Me 2 N(t-Bu)h 
TiMea and 0.025 micromoles of the Lewis acid, B(CsF 5 ) 3 mixed in 2 mL of Isopar® E were used to form the 
catalyst. The reaction temperature was 50 'C. 679 g of Isopar® E and 179 g of 1-octene were charged into 
the reactor and 20 Apsi (0.14 AMPa) of hydrogen was added. The ethylene pressure was 500 psig i (3.55 
MPa). The polymerization time was 60 minutes. 40.7 g of an ethylene/ octene copolymer were isolated. The 
melt index, 12, was 0.166. 



Example 108. 



20 



25 



30 



The procedure of Example 107 was followed except that 2.00 micromoles of [(tetrahydrofluorenyl)- 
SiMe 2 N(t-Bu)]Tibz 2 (prepared by reacting [ < N-t-butylamido)(dimethyl)tetrahydrofluorenyl)silane] titanium d.- 
chloride with benzyl magnesium chloride) and 2.00 micromoles of the the Lewis acid B<<JF 5 )3 mixed m 2 
mL of Isopar® E were used to form the catalyst. The reaction temperature was 150'C. 822 g of Isopar® E 
and 36 g of 1-octene were charged into the reactor and 10 Apsi (0.07 AMPa) of hydrogen was added. The 
ethylene pressure was 500 psig (3.55 MPa). The polymerization time was 15 minutes. 20.1 g of an 
ethylene/ octene copolymer were isolated. The melt index, 12, was 0.327. 

Example 109. 

The procedure of Example 108 was followed except that 2.00 micromoles of [(tetrahydrofluorenyl)- 
SiMe 2 N(t-Bu)lTibz 2 and 2.00 micromoles of the Lewis acid, B(C*Fs) 3 mixed in 2 mL of Isopar® E were 
used to form the catalyst The reaction temperature was 150-C. 822 g of Isopar® E and 36 g of 1-octene 
are charged into the reactor and 10 Apsi (0.07 AMPa) of hydrogen was added. The ethylene pressure was 
500 psig (3.55 MPa). The polymerization time was 15 minutes. 20.1 g of an ethylene/ octene copolymer 
were isolated. The melt index, 12, was 0.327. 

Example 110. 

Polymerization using (n -tertbutylamido)dimethyl(, 5 -1ertbutylcyclopentadienyl)silane titanium dimethyl metal 
derivative 

Lithium t-butylcyclopentadienide 

45 To a solution of 4.18 g (39.4 mmol) 6,6-dimethylfulvene in 80 mL diethylether at 0*C were added 22.9 
mL of a 1.72 M (39.4 mmol) methyl lithium solution in ether. The resulting slurry was stirred several days, 
then filtered, washed with pentane and dried under vacuum. 



35 
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(N-t-butylamino)(dimethyl)(t-butylcyclopentadienyl)silane 

To a solution of 3.35 g (20.2 mmol) (N-t-butylamino)(chloro)dimethylsilane in 75 mL THF was added 
3 58 q (17 7 mmol) lithium t-butylcyclopentadienide etherate. The reaction mixture was stirred several 
hours The solvent was removed, the residue was extracted with pentane and filtered. The pentane was 
removed in vacuo to give the product as a pale yellow oil. The yield was 2.87 g, 64.6 percent. 



55 
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15 



Dilithium[(N-t-butylamido)(dimethyl)(t-butylcyclopentadienyl)silane 

i *■ n ni ? R7 o in 4 mmol) (N-t-butylamino)(dimethyl)(t-butylcyclopentadienyl)silane in 70 mL 
To a solution of 2.87 g , (11.4 ^ , ; thium in hexane . The resulting clear solu .on was 

™ Towej r^ed under reduced pressure. Yie.d was 107 percent of impure 

product. 

|(N ,. bu , y ,amiddKdimelh»^ 
TiCfe) 

. . . n fin c\ (2 27 mmol) dilithium[(N-t-butylamido)(dimethyl)(t-butylcyclopen- 
,n a flask were combed 0.60 c , (2.27 mmol) d. m ^' ^ added 40 mL THF. The resulting 
tadienyl)silane and 0.84 g (2.27 mmol) T1CI3 THF £ as s ™ d * Q ' °^ mmol) PbC | 2 was added. The reaction 
dark violet solution was stirred for 10 minutes ^M^ 1 ^ mxture was filtere d, and the 
mixture was stirred for .ess than one pentane and the solution filtered 

solvent removed under reduced pressure. ™*™XelT^cZe6 overnight in a freezer, the yellow 

ssrss rr::s;::;^s- — — - - - 058 

g, 69.6 percent. 



Ti(CH 3 )2) 



25 



30 
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45 



over 20 minutes to 0.41 g (1.11 mmoi) un ui y " th the solvent was removed. The residue 

crystallized on standing. Yield was 0.34 g. 94.6 percent. 
Polymerization 

x c ~*r,\a 1 no wa<5 followed usinq 0.25 micromoles of [(t-butyl- 
The general polymerization procedure of i ^ 1 "^ | ^" ) , B |nil(8d in 2 mL of Isopar® E 

The melt index 12. was 1 .291 . The density was 0.8868 g/mL 

Example 111. Ethylene / nomornylene cdpolymer 

The genete, pdtymedzatidd prddddure d. Example .09 - «£- tt^iTSjS E 
(CsMeal^Nd-BdnTIMea and 1*7 ^^^^1^ ^ '"opad. E. 19.5 9 d. 

— *° JS £ S^US d.T y ™^ " T he ethylene - « r 

norbomene and 25 Aps. (0.17 AMra) 01 n y ar °y e . d etny | ene / norbornene copolymer was 

determined by ' 3 C NMR. 
Example 112. Ethylene / norbornene copolymer 
, The procedure of Example 111 washed u,ng 1 * ^^Jf^^ 

£ e r index (l2) was 1 " 

5 Te polymer contained 4.33 weight percent norbornene as determined by «C NMR. 
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Example 113. Ethylene / norbornene copolymer 

The procedure of Example 112 was followed using 2.00 micromoles of [(CsMe*)SiMe2N(t-Bu)Tl"iMe2 
and 3.00 micromoles of the Lewis acid, B(AF 5 ) 3 , mixed in 2 mL of Isopar® E to form the catalysts 
cocatalyst mixture. The reaction temperature was 50'C. 1200 mL of a solut.cn containing 334.6 g of 
norbornene in Isopar® E and 5 Apsi (0.03 AM Pa) of hydrogen were added. The ethylene pressure was 100 
osia (0 79 MPa). The polymerization time was 30 minutes. 22.9 g of a random ethylene / norbornene 
copolymer were isolated. The melt index. 12, was 1.43. The polymer contained 73.78 weight percent 
norbornene as determined by 13 C NMR. The polymer Tg was 83.8 'C. 



70 
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Example 114. 

Polymerization using phenyl bis(perfluorophenyl)borane Lewis acid 

75 Preparation of B(C6 FsMCt H s ) 

A 250 mL flask was evacuated, cooled to -78' C and charged with 120 mL of mixed hexane solvent, 
vacuum transferred from sodium benzophenone ketyl. The flask was backfilled with argon, to 0.11 MPa 
pressure and bromopentafluorobenzene (deoxygenated by sparging with nitrogen, 10.00 grams, 40.5 mmol) 
was added via a syringe. Agitation of the mixture was begun (magnetic stir bar), giving a clear, colorless 
solution, to which was added n-butyllithium (16.2 mL of 2.5M hexane solution, 40.5 mmol) via syringe. As 
the n-butyllithium solution was added, a clear colorless solid separated from the mixture. Th.s slurry was 
allowed to stir at -78 -C for 70 minutes and then dichlorophenylboron (3.22g, 20.3 mmol, 0.50 equivalents) 
was added from a syringe. After stirring for an additional 30 minutes at -78'C, no change was noted and 
the mixture were allowed to warm to ambient temperature. As the mixture warmed, a thick white prec.p.tate 
formed After stirring at 22 "C for 15 minutes the flask was opened to vacuum and the volume of the 
mixture was reduced to 50 mL. The mixture was filtered, the solid extracted with three 20 ml. portions of 
mixed hexane solvent and the filtrate was reduced to 20 mL under reduced pressure. The resulting solution 
was cooled to -78-C, giving a very thick slurry of colorless, crystalline solid. The slurry was thinned by 
addition of 20 mL of hexane. The solid was collected by filtration and dried under reduced pressure. Yield 
was 4.86g, 57 percent. 

Polymerization 

The polymerization procedure of Examples 3 - 37 was followed except that 850 mL of Isopar® > E is 
added to the reactor followed by 20 g of propylene. 25 Apsi (0.17 AM Pa) of hydrogen were then added and 
the solution heated to 130'C. The solution was then saturated with ethylene at 500 psig (3.55 MPa). 10 
micromoles of the metal complex [(CsMe4)SiMe 2 N(t-Bu)]TiMe 2 and 10 micromoles of the Lew.s acid, B- 
(CbFsWCsHb) were mixed in 2 mL of Isopar® E and this solution was transferred into the reactor to begin 
the polymerization. The reaction was allowed to proceed for 15 minutes with ethylene being supplied on 
demand at 500 psig (3.55 MPa). 2.8 g of an ethylene/ propylene copolymer were obtained. The melt index, 
l 2 , was 7.52. 

Example 115 Ethylene / ethylidenenorbornene copolymer 

The procedure of Example 111 was followed using two consecutive additions of a catalyst solution 
prepared by mixing 5.0 micromoles of [CsMe4)SiMe 2 N(t-Bu)]TiMe 2 and 5.0 micromoles of the Lewis ac.d, 
B(c£fs)3 mixed in 2 mL of Isopar® E. The reaction temperature was 130 'C. 1200 mL of a soluhon 
containing 50 mL of 5-ethylidene-2-norbornene in Isopar® E and 50 psi (0.34 AMPa) hydrogen were added. 
The ethylene pressure was 475 psig (3.38 MPa). The polymerization time was 20 minutes. 59.9 g of an 
ethylene / 5-ethy1idene-2-norbornene copolymer was isolated. The melt index, 12, was 1.55. The polymer 
contains 9.06 weight percent 5-ethylidene-2-norbenene as determined by 13 C NMR. 

Example 116 

Various Lewis acids are tested for Lewis acidity for use in preparation of catalysts according to the 
present invention. Acidity values and the techniques employed in determining such values are contained in 
Table V. 
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Table V 



10 



15 



20 



25 



Run 



Lewis Acid 



1 phenylbis(per£luorophenyl)borane 

2 tr is( 2 , 3 , 5 f 6-tetraf luorophenyl)borane 

3 ^4 g M.4,5-trifluorophenyl)borane 



4 tris(3,4,5-trifluorophenyl)aluminum 

5 t ris(l,2,2-trifluoroethenyl)borane 

6 t ris(2 > 3 y 4 y 5^etra£luorophenyl)borane 

7 tris(perfluorophenyl) borate 4 

8 tr is ( per f luoropheny 1 ) borane 

9 1 , 3 , 5-cyclohexanetriol borate 



4 . 

5, 



Acidity 
(KeaL/moleV 

-2. 1 2 
-5.2^ 
-11. 2 2 
-12. 3 l 
*15. 2 2 
-17. 5 l 
-17.8 1 ' 5 
-22. 2 l 



10 1,1,1-trimethylolethane borate 

1. HF/3-21g method 
2. 
3. 



Base 
CH -or NH 



CH " 



-25. 1 1 



30 



AMI method rhildes' technique, AS, is 0.77 

Lewis acidity according to cnnoes 
p P m. Relative acidity = 0.0 ppm 

«°if^ity .cc=rdi», t. Child..- technic. 46. is i.10 
ppm. Relative acidity = 0.33 ppm 



Claims 
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A p^s * praparfn, a « ^ a — sep B a« =o-pon* g .0 M 

formula II: 



Cp 



Z Y 

— - M< XA" < IX > 

\ 

X 



wherein: M ,,oc r,f the> Periodic Table of the Elements; 

substituted at least by Z; member of Group 14 of the Periodic 

Z is a divalent moiety comprising oxygen, sulfur, boron, or a memoer 

^tTSTSup nitrogen, phosphorus, oxygen or sulfur or optionally Z and Y 

n^dCndeSVS occurence is hydride or a hydrocarbyl. si.y. or germy. group having up to 20 
carbon, silicon or germanium atoms; and re|atjve Lewjs acidity greater 

A- is a non-coordinating, compatible an.on of a Lewis , ac.a. . a comprising 
than or equal to that of phenylbis(perfluorophenyl)borane, the steps 
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contacting a derivative of a Group 4 or Lanthanide metal corresponding to the formula I: 



Y 

Cp (I) 

\ 

(X) 2 



wherein 

M, Cp, Z, Y, and X are as previously defined, 
with the Lewis acid, A. 

2. A process as claimed in Claim 1 wherein M is titanium or zirconium. 

3. A process as claimed in Claim 1 or Claim 2, wherein -Z-Y- is an amidosilane or amidoalkane group. 

4. A process as claimed in Claim 3, wherein the derivative of formula I corresponds to the formula III: 



R' 




(III) 



wherein: 

M is titanium or zirconium, bound to an „ 5 -cyclopentadienyl group; 

R' each occurrence is independently selected from hydrogen, si.yl, alky., aryl and combmauons 
thereof having up to 20 carbon or silicon atoms, and optionally two or more R groups on the 
cyclopentadienyl group may form a fused ring system; 

xiX C e 0 ndent^e b acn occurrence is hydride, trimethylsHyl, alky., aryl or halogen substituted aryl of 

up to 20 carbons; and 
m is 1 or 2. 

5. A process as claimed in Claim 4, wherein -<ER' 2 ) m -NR- has up to 20 nonhydrogen atoms. 

6. A process as claimed in Claim 5, wherein - ( ER' 2 ) m -NR'- is (tert-butyl)(dimethylsilyl) or (tert-butyl)-l- 
ethan-2-yl. 

7. A process as claimed in any one of the preceding claims, wherein X is hydride or C-Co hydrocarbyl. 
a A process as claimed in Claim 7, wherein X is methyl or benzyl. 

' 9 A process as claimed in Claim 8. wherein R' each occurrence in the cyclopentadienyl group is 
LZ Tor IX alkyl and optiona.ly two or more of said R' together with the cyclopentad.eny. group 
form a tetrahydroindenyl or tetrahydrofluorenyl group, and R' on the nitrogen atom ,s tert-butyl. 

s 10 A process as claimed in Claim 4, wherein the R' on the amido group is methyl, ethyl, propyl, butyl, 
pen y hexyt eluding branched and cyc.ic isomers), norbornyl, benzyl, or pheny the cydopen- 
tadenyl group is cyclopentadienyl. indeny,. tetrahydroindenyl. fluoreny,. tetrahydrofluorenyl. or oc- 
tahydrofluorenyl; R' on the foregoing cyclopentadienyl groups each occurrence ,s hydrogen, methyl, 
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tafluorophenyl. 

6 „ A process as c«ed ,n an, one 0, the precedir* «<- — - - "» * 8 
"asking in halogen moieties direo.lv attached to the boron. 

a process a, claimed in en, SSS^LS3~ 
(pentafluorophenyl)borane, tns ^^f^X^^anB phenylbis(perfluorophenyl)borane, tris- 

(3,4,5-trifluorophenyl)aluminurr.. tns(perfluorophenyl) borate, i.J.ocy 
trimethylolethane borate. 
,3 A process as Calmed in Ciaior ,2. wherein the Lewis acid is triatpanuttuorephenyOho-ane. 



at25-Cto 50°C . 



16 A process as Calmed in any one of the preceding Cairns, wherein the derivative of formu.a . and the 
30 JeSs add ^ contacted in situ during an addition poiymerizat,on react.on. 

1, a process as claimed in any one of ^^^^ - ^ * *™* ' ** " 
Lewis acid are contacted, at an equivalent ratio of 0.1 .1 to 10.1 . 

35 18. A process as claimed in Claim 17, wherein said ratio is 0.2:1 to 5:1 . 

19. A process as claimed in Cairn 1, wherein the catalyst is used in a homogenous manner. 

20. A process as claimed in Claim 1 . wherein the catalyst is used on a support. 

21. A catalyst having a limiting charge separated structure corresponding to the forrnCa II: 



40 



•Z — I (II) 

45 Cp M+ XA- 

\ 

X 



50 



55 



wherein 



rein: ,u -m t.Mw of thP Periodic Table of the Elements; 

**T?t EZZm comprising oxygen. ,u»ur. boron. „ e member o, Group ,4 rt the Periodic 
^ytaTSrtorrp comprising nitrogen, phosphorus, oxygen o, s*r, 0, opttrnaily Z end V 
together form a fused ring system; 
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5 



X independently each occurrence is hydride or a hydrocarbyl, si.y. or germy. group having up to 20 
^Z^ZZ^^ -ion of a Lewis acid. A. having re.ative Lewis acidity greater 
than or equal to that of phenylbis(perfluorophenyl)borane. 

22. A catalyst as claimed in Claim 21 , wherein M is titanium or zirconium. 

• „ ■ r. aim pi or Claim 22 wherein -Z-Y- is an amidosilane or amidoalkane group. 

23. A catalyst as claimed in Claim 21 or Claim dt, w.u>.« 

,o 24. A catalyst as claimed in Claim 23, wherein the catalyst has the formula ...A: 



rlVTXL XA- (HIA) 




20 



wherein: 



A~ is as defined in Claim 21; . 

cyclopentadienyl group may torm a (used ring system: 

X occurrence is hydride. Mm*,!*. «*■""* *" <* 

30 up to 20 carbons; and 
m is 1 or 2. 

• A cea-ye. as Cairoed in Claim 24, wherein -TER^-NR'- has up «e 20 nonhydrogen «om*. 

35 26. A ca,.,,., as Calmed in Cairo « wOereio - ( ER,VNR- is - <-^- 

ethan-2-yl. 

«f Claims 21 to 26, wherein X is hydride or Ci -d o hydrocarbyl. 
27. A catalyst as claimed in any one of Claims <n ro <io, v». 

,o 28. A catalyst as claimed in Claim 27, wherein X is methyl or benzyl. 

• r' each occurrence in the cyclopentadienyl group is 
29. A catalyst as claimed in Claim 28, w y^' e ^ more of said R' together with the cyclopentadienyl group 
Mrogen or C,C a,y. ^J^^SX** on L nitrogen atom is tert-butyl. 



45 



50 



M . A catalys, as Calmed ,o Ciai. ^^JJS&"^^^ 
peotyl. hexyl. (includirrg branched and Icyc 10 , ; iuorenyl , le ,rehydro<luo,en»l. or oc- 
tadienyl group is <^^L ^LoSy gCs each occurence is hydrogen, methy 
Ubydrolluorenyt R' on the W n ^Te^ 

tafluorophenyl. 

* ™ ■ 01 ™ wherein A" is derived from a boron compound 
31 A catalyst as claimed in any one of Claims 21 to 30. wherein A 
racing in halogen moieties directly attached to the boron. 

™ • 01 tn v wherein A" is derived from tris-(pentafluorophenyl)- 
32. A catalyst as claimed in any one Claims 2 to 31 where ny i)borane. tris(3,4,5- 

borane tris (2,3,5,6-tetrafluoro-phenyl)borane, tns(2.3.4,t> teirar.u 
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triflu o ro p h en y .)borane. ^^^^ 
trifluorophenyl)aluminum, tris(perfluorophenyl) borate, 1 ,3,5 cycionexa 

trimethylolethane borate. 

. 33. A catalyst as c.aimed in Claim 32, wherein A" is derived from tris(pentafluoropheny,)borane. 
35, ft caBiysl as claimed in Claim 21 including a support. 

». The us, o, a catalys, as claimed in any end e. Cairns 21 lo » . an addluon pdiymenzadon calalyel. 
. 37. ftn adddidn pmymedaadpn paddesa ^'^eiTdai^^ SS^SS 
STELES ~ « - Cms 2, to 3, 

Patentanspriiche 

" „ Ein VMM. „ He.,e,.un 9 dines Ka,a,»ea,e,s, da, ain. G,en 2 s„uKu, mi, L,dun 9 e.,ennun 8 auhvais,. 



die der Formel II entspricht: 



30 



1 * 
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fZlS^B^TTS^^. Sadwe,.,. Bo, Oder din M i, 9 liad de, Oruppe 14 dee 
!2E£££?^S^ Pddspdor. Saue,s« dde, S*we,e, is,, odd, „a*eiad Z and 
J SSS - w5E2E& b 32 din. H,dmca,dy,-, Silyl- * Oe,m„ g ,upp. mi, die 
ft-^^^ 

I Y 

Cp -M^ < X > 
\ 

(X) 2 

worin M, Cp. Z. Y und X wie vorhergehend definiert sind, mit der Lewis Saure A beinhalten. 
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Ein Verfahren nach Anspruch 1 , 
dadurch gekennzeichnet, 
daB M Titan Oder Zirkon ist. 

Ein Verfahren nach Anspruch 1 oder 2, 
dadurch gekennzeichnet, 

daB -Z-Y- eine Amidosilan- oder eine Amidoalkangruppe ist. 

Ein Verfahren nach Anspruch 3, 
dadurch gekennzeichnet, 

daB das Derivat der Formel I der Formel 111 entspricht 




(in) 



worin M Titan oder Zirkon ist, das an eine ^-Cyclopentadienylgruppe gebunden ist; 
R bei jedem Auftreten unabhangig voneinander aus Wasserstoff. Silyl Alky Aryl «"d Komb.nat^ne „ 
davon mit bis zu 20 Kohlenstoff- oder Siliziumatomen ausgewahlt ist und wahlwe.se zwe. oder mehr R - 
Gruppen an der Cyclopentadienylgruppe ein kondensiertes Ringsystem ausbilden konnen; 

l^ZZ^t^ile^ Hydrid. Tnmethy.si.y-. A,ky,. Ary. oder Ha.ogen-substituiertes Ary. 
mit bis zu 20 Kohlenstoff ato men ist, und; 
m gleich 1 oder 2 ist. 



5. Ein Verfahren nach Anspruch 4, 
dadurch gekennzeichnet, 

daB -(ER^m-NR*- bis zu 20 Nicht- Wasserstoff ato me aufweist. 

6. Ein Verfahren nach Anspruch 5, 
dadurch gekennzeichnet, 

daB -(ER' 2 )m-NR'- (t-Butyl)(dimethylsilyi) oder (t-Butyl)-1-ethan-2-yl n 

7. Ein Verfahren nach einem der vorhergehenden Anspriiche, 
dadurch gekennzeichnet, 

daB X gleich Hydrid oder ein Ci-Cio-Kohlenwasserstoffist. 

8. Ein Verfahren nach Anspruch 7, 
dadurch gekennzeichnet, 

daB X Methyl oder Benzyl ist. 



Ein Verfahren nach Anspruch 8, 

^JtSTtSt in der CyCopentadieny.gruppe Wasserstoff oder ein C ; C.-AIM ist und 
wahlweise zwei oder mehrere dieser R' zusammen mit der Cyclopentad.enylgruppe erne Tetrahydro-n- 
denyl- oder Tetrahydrofluorenylgruppe ausbilden und R' am StickstoHatomen t-Butyl ist. 



10. Ein Verfahren nach Anspruch 4, 

TTkmT^Z* Methy,. Ethy., Propy.. Butyi, Penty.. Hexy. (einsch.ieB.ich , verzweigter «J 
zycliscner Isomere), Norbomyl. Benzyl oder Phenyl ist; die Cyclopentadienylgruppe Cyc opentad.enyK 
Indenyl, Tetrahydroindenyl, Fluorenyl, Tetrahydrofluorenyl oder Octahydrofluorenyl .st; R an den 
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JO 



k • ioHom Auftreten Wasserstoff. Methyl, Ethyl, Propyl, 
vorhergehenden Cyclopentadienylgruppen be. r*m -^J™^ No rbornyl, Benzyl oder Phenyl 

phenyl oder pentaf,uorp " 

henyl ist. 

11 Ein Verfahren nach einem der vorhergehenden Anspruche, 

^iSTSSS Borverbindung ist, die k elne Halogeneinheiten aufweist. die dire* an das 
Boratom gebunden sind. 

12 Ein Verfahren nach einem der vorhergehenden Anspruche, 

clohexantriolborat und 1,1.1-Trimethylolethanborat. 

13. Ein Verfahren nach Anspruch 12, 
dadurch gekennzelchnet, 

, daB die Lewis Saure Tris(pentafluorphenyl)boran .st. 

14. Ein Verfahren nach Anspruch 13, 

dadurch gekennzelchnet, ( t .Butylamido)dimethyl(tetramethyl-, 5 -cyclopentadie- 
daB das Derivat der Formel I ausge ^J*^^ C*u- 
, 5 nyl)8ilandibenzylzirkon, (t-Butylam.do)d.methyl(te dimethyl (N-t-Butylamido)dimethyl- 
Samido^methy,^^ 

und (t - Buty,am v 

d!methyl(t-butyl^-cyclopentadienyl)silantitandimethyl. 

30 15 Ein Verfahren nach einem der vorhergehenden Anspruche, 

dadurch gekennzelchnet, Losungsmittel bei 25 -C bis 50 -C in 

££££ Sri'^S.* ' 8 ^ e -c.« o*. - ~ 

35 davon. 

16 Ein Varfan-en nach einem da. «oma.ga*enden AnspnJche. 

S^SSTSl . und * Lew* Sanra in * „ah,end eine, AddHionapo^laaHonaae*- 
40 tion in Kontakt gebracht werden. 

17 Ein Verfahren nach einem der vorhergehenden Anspruche, 

SSi^rSS I und die Lewis Saure in einem AguivalenzverMltnis von 0.1:1 bis 10:1 in 
45 Kontakt gebracht werden. 

18. Ein Verfahren nach Anspruch 17, 
dadurch gekennzeichnet, 

daB dieses Verhaltnis 0,2:1 bis 5:1 betragt. 

19 Ein Verfahren nach Anspruch 1 , 
' SSaST ~na, Ad and We,se verwende, wlrd. 

55 20. Ein Verfahren nach Anspruch 1, 
dadurch gekennzeichnet, 

dafi der Kataiysator auf einem Trager verwendet wird. 
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21. Ein Katalysator. der eine Grenzstruktur mit Ladungstrennung aufweist. die der Formel II entspricht: 

.Z "1 

\ 



/ / (ID 



XA" 



X 



JO 



15 



20 



Aciditat, die groBer oder gleich der von Phenylbis(perfluorphenyl)boran ist. 



22. Ein Katalysator nach Anspruch 21 , 
dadurch gekennzeichnet, 

25 daB M Titan oder Zirkon ist. 

23. Ein Katalysator nach Anspruch 21 oder 22, 
dadurch gekennzeichnet, 

daB -Z-Y- eine Amidosilan- oder eine Amidoalkangruppe ist. 



30 



24. Ein Katalysator nach Anspruch 23, 
dadurch gekennzeichnet, 
daB der Katalysator der Formel IIIA entspricht 



35 



r' 



(ER' 2 )^ N . R , 



40 




XA" < IIIA) 



45 



worin A" die in Anspruch 21 angegebene Bedeutung hat, 

d,»? mi SfS fSlL** Oder SiHziuma^en w^hl is. und w^eise*™ dder med. R - 
toppTan to Cydlopedtadiedylgruppe ein kondedsiedes Ridosystem »btt> konnen, 

50 X S£ST£ tST/JS— . Hyddd, Tri^yisiiW, «M. Ar», dde, Haidgen-sd^diades A,,, 
mit bis zu 20 Kohlenstoffatomen ist, und; 
m gleich 1 oder 2 ist. 

55 25. Ein Katalysator nach Anspruch 24, 
dadurch gekennzeichnet, 

daB -(ER^m-NFV- bis zu 20 Nicht-Wasserstoffatome aufweist. 
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26 Ein Katalysator nach Anspruch 25, 
5 27 Ein Katalysator nach einem Set Ansprtjche 21 bis 26. 

28. Ein Katalysator nach Anspruch 27, 
70 dadurch gekennzeichnet, 
daB X Methyl oder Benzyl ist. 
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29. Ein Katalysator nach Anspruch 28. 

dadurch gekennzeichnet, . nwlnmnnp wasserstoff oder ein Ci-C4-Alkyl ist und 

daB R' bei iedem Auftreten 

wahlweise zwei oder mehrere d.eser R ™samn™ ' ™ J icks ^ offatomen t-Butyl ist. 
denyl- oder Tetrahydrofluorenylgruppe ausMden und R am bt.cKs 

30. Ein Katalysator nach Anspruch 24, 

dadurch gekennzeichnet, Hexyl (einschlieBlich verzweigter und 

daB R' an der Amidogruppe Methyl. ^^^^^LUflQruppe Cyciopentadienyl. 
zyclischer Isomere). Norbornyl Benzyl 0 der Octahydrofluorenyl ist; FT an den 

,ndenyl, Tetrahydroindenyl. Fluorenyl, T ^^^J^ Wasserstoff, Methyl. Ethyl, Propyl, 
vorhergehenden Cyclopentadienylgruppen be, jedem Norbornyl , Benzyl oder Phenyl 

rSS^ Methylbenzyl, Phenyl oder Pentafiuorp- 

henyl ist. 

31 Ein Katalysator nach einem der Anspruche 31 bis 30, 
^SSZET*- Borverbindung. die keine Halogeneinheiten aufweist, die direkt an das 
Boratom gebunden sind. 

32 Ein Katalysator nach einem der Anspruche 21 bis 31 , 

triolborat und 1,1,1-Trimethylolethanborat. 
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33. Ein Katalysator nach Anspruch 32, 
dadurch gekennzeichnet, 

daB A" abgeleitet ist von Tris(pentafluorphenyl)boran. 



45 34. Ein Katalysator nach Anspruch 33, 

dadurch gekennzeichnet, B utvlamido)dimethyl(tetramethyl-n 5 -cyclopentadienyl)- 

daB der Katalysator -bQ-«J*»«J^ (t-Butyla- 

silandibenzylzirkon, (t-Butylam.do)d.met hyl(te (N -t-Butylamido)dimethyl- 
mido)dimethy.(tetramethyN-cyc.^ 

50 eesst^^ oder (t - Buty,a " 

dlmethyl(t-butyl^-cyclopentadienyl)silantitandimethyl. 



35. Ein Katalysator nach Anspruch 21 , 
55 dadurch gekennzeichnet, 
daB er einen Trager enthalt. 
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v, ~ ^ m H*r AnsorUche 21 bis 35 als einen Additionspolymeri- 
36. Die Verwendung eines Katalysators nach e.nem der Ansprucne 

sationskatalysator. 

u*rc to ii,.nfi eines Polymers durch Inkontaktbringen eines Oder 

Additionspolymerisationsbedingungen, 
70 Revendications 

,. Precede pour la prolan o,n a,an, una s« a aSparaaaa * d^. 

correspondant a la formule II: 



5 
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Cp 



I X 

rf< XA- 

\ 

X 



^S^aate ccp-anan, un atom* W». da saurre. da bora. ou an 4 Mn*» du 
lanthanide correspondant a la formule I: 



Z X 



Cp — * 

\ 



(X) 2 



M a Cp e, Z, Y et X sent te.s que precedemment definis, aveo I'acide de Lewis, A. 

2. Precede selon la revendication 1 dans leque. M est >e titane ou le zirconium. 

50 .,• 1 n„ 2 dans leouel -Z-Y- est un groupe amidosilane ou 

3. Precede selon I'une des revendicat.ons 1 ou 2, dans ieque> 

amidoalcane. 
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Procede selon la revendication 3, dans lequel 



I, derive de la formule I correspond k la formule HI: 




(III) 



chaque R" est choisi de marnere '^"^^^ de carb0 ne ou de silicium, et eventuelle- 

{orment un systeme . cyc ,e 

ment 2 ou plusieurs groupes R sur le gro p 



7. 

8. 
9. 



iO 
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00 E as, un atome de silidunnj ou *^J un „, hydru ,e. MmMyhllyto. alkyle. aryle ou aryle 
m vaut 1 ou 2. 

, , /pr' \ -NR'- possede jusqu'a 20 atomes non hydroge- 
Procede selon la revendication 4, dans lequel -(ER 2 ) m NR poss 

, x NR 1 - est le groupe (tert-butyl)(dimethylsilyle) ou 
Procede selon la revendication 5, dans lequel -(ER 2 ) m 9 
(tert-butyl)-l -ethan-2-yle. 

hydrocarbyle en C1-C10. 

Pr0 ced. se.cn ,, ,euendlc*n 7, dans leoue, X es. un 9 ,eupe n*nr,le eu denzyle. 

, R ' rians le qroupe cyclopentadienyle est un 

p rorf de sekon I. revendication 8. dens Indue. cheque " „„„„ ou plus desdrts B' 

10 Procede selon In revendiceuon 4. dans »quel l«M WJ« J^^SnSt cyXS 

m! propyle, butyle, pentyle. hexyle, (V te * J*™ , a ^„ y , e , rlndenyle. le t&rahyd-ornde- 
3S» du ph*nyle; » ^^tl'ocS-ydSSe; «aoue Ft' eu, les grcupes calo- 

bZ&XttZSZXZZ: — . -y>e. P-„e, ou 

pentafluorophenyle. , 

- =5=r.==c===--- ;. 

„ Precede selon ,'une dee ,ever*a«ons ro S^^ ^^Sd^e* 
Ws ,pen B .luo,ophenyl)bo,ane, le Sl^^nyllbccane. le phenyl- 

■ ~ 
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leurs melanges a des temperatures comprises entre 25 -C et 50 u 

16 Precede se.on Tune des revendications precedentes, dans lequel .e derive de .form* I et I'acide de 
n [ewifsom mis In contact in situ pendant une reaction de po.ymerisat.on d'add.t.on. 

17. Precede se.on .'une des revendications precedentes. dans .equeHj , deriv* de , formuie . et i'acide de 
Lewis sent mis en contact dans un rapport en equivalents compns entre 0,1 .1 et 10.1 . 

20 18. Precede selon la revendication 17. dans lequel ledit rapport est de 0.2:1 a 5:1. 

19. Precede selon la revendication 1. dans lequel le catalyseur est utilise d'une maniere homogene. 

20. Precede selon la revendication 1. dans lequel le catalyseur est utilise sur un support. 
25 21. Catalyseur ayant une structure a separation de charges, correspondent a la formu.e Ih 
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de Lewis superieure ou egale a celle du phenylbis(perfluorophenyl)borane. 

22. Catalyseur selon ,a revendication 21 . dans leque, M est un atome de Wane ou de zirconium. 

23. Catalyseur se.on .'une des revendications 21 ou 22. dans .eque. -Z-Y- est un groupe amidosi.ane ou 
amidoalcane. 
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24. Catalyseur selon la revendication 



23, dans lequel le catalyseur a la formula IIIA: 



JO 




(IIIA) 



danslaquelle 

A" est tel que defini dans la revend.cat.on 21 cyclopenta dienyle „*; 

M est un atome de Wane ou de z.rconmm lie a un groupe * cy p sjlyle 

cheque R' est choisi de maniere ^« de 9 silicium , et ev entue<le- 

alky ,e, aryle et leurs £££5* peuvent former un systeme a cycle 

ment 2 ou plusieurs groupes R sur le groupe ^ y 

condense; 

su bS P» " av-< 20 .tomes * <«« - 
m vaut 1 ou 2. 

25 » Ca,a, y aeu, - « — — * « "^^' 2 ^ m *^^'* — "°" 

hydrogene. 

. fcp 1 \ nr'. est le ftert-butyl)(dimethylsilyle) ou le 

26. Catalyseur selon la revendication 25, dans lequel -(ER 2 ) m -NR V 
(tert-butyl)-1-ethan-2-yle. 

3° ' nations 21 a 26 dans lequel X est un hydrure ou un hydrocarbyle en 

27. Catalyseur selon Tune des revendications 21 a oans m 

C1-C10. 

28. OaWseu, s*>n la revendicanon 27, dans to* X est un ou un benzyle. 

M 29. aa.cn „ — — ». ^Tc^ ^.SJ^S^^ 5 

Sluorenyle, et W sur .'atome d'azote est un groupe tert-butyle. 

- 30. Catalyseur selon ,a revendication 24. dans = groupe , ^ ^ 
methyle, ethyle, propyle, butyle pentyle JgJ^JJ^ un groupe cyclopentadienyle. indeny- 
norbomyle. benzy.e ou phenyl le ^ cnaque R . sur ,es 

le. tetrahydroindenyle, fluorenyle, tetran y drof '"°™ y '^ v l oa ^ ne un groupe methyle, ethyle, propyle, 
«, groupes cyclopentadienyle precedents est ur .atome ^^^l norbornyle, benzy.e. ou 

X*^x^ — • benzy,e ' m ~' e ' 

phenyle, ou pentafluorophenyle. 

v\ rians leouel A" est derive d'un compose de bore 
so 31 Catalyseur selon I'une des revocations 21 a 30. dans lequel A 
exTmpt de groupe halogene directement lie au bore. 

.• 01 5, <*1 nans leouel A" est derive du tris(pentafluorophenyl)- 

1 ,1 ,1-trimethylolethaneborate. 
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33 Cata.yseur se,on .a revocation 32, dans .ec,ue> A" est .e t ri s(pentat,uoropheny.)borane. 
35 CataCyseur salon la r»«endication 21 comprenaffl un supports 

35. U**„ d'un ca^sa. se, W M «. — — » » » « « "» * 
75 tion par addition. 

37. M da p****. pa, a« X^'^^^^^S ^ZZ 

srs rr^cri^=— •» - i - - - ~ 

20 revendique dans I'une des revendications 21 a 35. 
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